The renewed interest in meningococcal epidemiology, individual susceptibility to meningococcal infection, and the problems encountered secondary to sulfa-resistant organisms have accentuated the need for well-characterized, groupspecific Neisseria meningitidis antigens. Using ammonium sulfate to precipitate polysaccharide bacterial antigens (18) as a preliminary separation, followed by alkaline hydrolysis, ethyl alcohol precipitation, and Sephadex-gel filtration, we have designed a relatively simple technique for isolating specific polysaccharide antigens from N. meningitidis groups A, C, X, and Y. This paper describes the preparation and isolation and the immunochemical and serological characteristics of these antigens.
MATERUILS AND Disease Center (NCDC), Atlanta, Ga. According to the immunization protocol, it had not been necessary to absorb these antisera to obtain agglutination specificity. Goat-N. gonorrheae antisera was kindly provided by John Schmale of NCDC. New Zealand albino rabbits (2 to 3 kg) were immunized intramuscularly by paracervical and gluteal injections with either purified groups A, C, X, or Y antigens in complete Freunds adjuvant 1 week apart. Seven days later, four intravenous 1.0-ml antigen injections were given at 72-hr intervals. Total group C antigen administered was 300,g with reference to sialic acid content. (2), hexoses by the anthrone method (12) , and sialic acids by the method of Warren (16) . Ascending paper chromatography for the qualitative determination of sialic acids was done by the method of Svennerholm (14) .
Sucrose density gradient analysis (10 to 40%) was done by the method of Kunkel (7) . Acrylamide gel electrophoresis was done by a modification of the method of Ornstein (9) . Gels were either 3, 5, or 7% acrylamide/bis-acrylamide (Eastman Kodak Chemicals, Rochester, N.Y.) in 0.1 M Tris-hydrochloride buffer (pH 8.6). Sample size was 20 lliters, and the gels were run for 4 hr at 2 ma per gel. After electrophoresis, the gels were embedded in 0.9% agar containing 0.1 M Veronal buffer for double-diffusion analysis to determine distance of migration of the antigen. Dry weight yields were determined by freezedrying of salt-free group antigens.
RESULTS
The Sephadex G-200 elution patterns of the partially purified groups A, C, X, and Y antigens are shown in Fig. 1 . The hemagglutination and complement-fixing activity of the group C antigen was localized to the sialic acid peak; it was clearly separate from the protein peak and appeared at the void volume. It was found that similar elution patterns were obtained with N. meningitidis groups A, X, and Y partially purified antigens when eluates were monitored at 490 nm by the phenol-sulfuric acid method for total saccharide and by absorption at 280 nm for protein content (Fig. 1) . It was also noted that the length-to-width ratio of the columns, originally 100:1, could be decreased to 20:1 without altering the elution patterns. This observation allowed increased flow rate, larger sample size, and shortened time of collection. Each peak with Sucrose density gradienit analyses (10 to 40%) of the recycled group antigens. These gradients were run at 121,000 X g at 4 C for 16 hr. Sample load was 0.1 ml. Fractions were assayed for antigenic activity by complement fixationz in the presence of homologous antisera. The elution patterns obtained from a 10 to 40% sucrose gradient after 16 hr at 121,000 x g (SW65 rotor) at 4 C are seen in Fig. 2 . Localization of the antigens was determined by complement fixation; it was found that all four antigens migrated in the upper one-third of the gradient.
The purified antigens would absorb to sheep erythrocytes without prior treatment of the cell wall or the use of mordants. At dilutions as low as 1:2 of hyperimmune NCDC rabbit antisera, no cross-reactivity could be detected between any of the purified group antigens. The hemagglutination pattern shown in Table 1 for the group C antigen is characteristic both in titer and specificity for all the purified group antigens.-Hemagglutination inhibition occurred only in homologous systems. Purified group C antigen with a sialic acid concentration as low as 0.03 AM/ml would completely inhibit the hemagglutination of group C-sensitized cells in the presence of 1: 50 group C antisera ( Table 2 ). The purified antigen was as effective an inhibitor as the highly concentrated partially purified group preparation. N-acetyl neuraminic acid (Nutritional Biochemical Co., Cleveland, Ohio), in concentrations up to 3.35 ,ug/ml, failed to inhibit passive hemagglutination. Highly specific N. gonorrheae antisera failed to detect any cross-reactivity with the purified N. meningitidis group antigens.
Complement fixation tests were performed with the antigen preparations. Table 3 demonstrates the complement-fixing specificity and titer of the purified group C antigen with groups A, B, C, X, and Y NCDC antisera. Similar group-specific results were obtained with antigens A, X, and Y. Immunodiffusion analysis (Fig. 3) revealed a group-specific precipitating antigen in each purified preparation and further confirmed a lack of antigenic crossover between any of the four N. meningitidis group polysaccharides. Immunoelectrophoretic analysis with antigen migration times of 20 min revealed anodal migration of each group antigen (Fig. 4) . The group C antigen was a potent immunogen in both rabbits and sheep, producing specific hemagglutinating, complement-fixing, and precipitating antibodies. The groups A and Y antigens were immunogenic in rabbits by complement fixation and gel diffusion, whereas the group X antigen induced only complement-fixing antibodies. Groups A and C purified antigens were excluded by a 7% acrylamide gel, migrated in the upper one-third of a 5% gel, and passed through the entire length (7.5 cm) of a 3.0% gel. n-butyl alcohol-n-proponal-0.1 N HCI (1:2:1) revealed the presence of a sialic acid with an RF value of 0.45 similar to control N-acetyl neuraminic acid (0.44) and to the value reported in a similar system (14) . Gas-liquid chromatography (courtesy of W. Richardson and D. Orcutt, School of Aerospace Medicine, Brooks Air Force Base, Tex.) of the purified group C antigen confirmed the presence of N-acetyl neuraminic acid and did not detect other polysaccharides in the preparation.
DISCUSSION
Recent advances in macromolecular separation have afforded relatively simple methods for the preparation of specific bacterial antigens. The polysaccharide antigens of N. meningitidis offer a unique opportunity for separation by these methods (13) . We have isolated antigens from N. meningitidis groups A, C, X, and Y, and have shown their serological specificity by hemagglutination, complement fixation, and immunodiffusion techniques. These antigens are negatively charged and migrate freely into agar and 5% acrylamide gels. Sephadex G-200 chromatography indicates that these molecules probably represent a heterogeneous group of polymer sizes, the majority of which appear at or near the void volume of the column. Studies with Diaflo membranes demonstrated that none of these antigens passed an XM-50 membrane. Sucrose density gradients of the four preparations were identical. Despite the fact that the antigens were excluded from Sephadex G-200, they migrated in the upper one-third of the density gradients. By multiple immunological techniques, these antigens have been shown to be highly specific. Using serological testing (i.e., hemagglutination and complement fixation), no antigenic cross-reactivity between groups could be demonstrated. Hemagglutination inhibition of NCDC antisera by the purified antigens occurred only in homologous systems and could be achieved with small amounts of antigen and low dilutions of antisera. Gel diffusion analysis yielded similar specific results. All antigens have been shown to be immunogenic in rabbits. The group C antigen is also a potent immunogen in sheep. Biochemical studies indicated that these preparations are primarily polysaccharide in nature, as has been recognized previously (5, 17) .
These antigens have been found capable of fixing to sheep erythrocytes without prior alteration of the red cell membrane. It is interesting to note that other authors have found it necessary to remove the sialic acid moiety (6) or to use glutaraldehyde-treated erythrocytes (5) to obtain this effect. Multiple attempts to prepare a group B-specific antigen by this method failed. This may be related to the lack of capsule associated with this group of organisms (1) .
In contrast to the complex extraction procedures recently described (5), the techniques in this report afford a simplified method for the production of relatively large yields of highly specific group antigens which participate in multiple immunologic systems.
